The current investigation was carried out to explore the possibility of submerged fermentation of Saccharina japonica as sole substrate using Aspergillus oryzae. In this study we used 2% S. japonica powder as fermentation media for A. oryzae. Fermentation period was optimized by monitoring the fermented sample at regular intervals for a period of 7 days. Results found that a fermentation period of 5 days was effective with maximum desirable characteristics such as total sugar, total phenolic and flavonoid contents. Under optimum fermentation period, fermented extracts showed enhanced antioxidant activity as determined by different assays such DPPH radical scavenging, ABTS scavenging and phosphomolydenum assay. This study provides the information for the enhancement of bioactive molecules in an eco-friendly manner and also paves way towards the development of wide range of seaweed-based functional foods.
INTRODUCTION
Filamentous fungi are considered as one of the most important group of microorganisms for fermentation which has been used since long time. Its hyphal mode of growth allows the penetrate into the substrates easily, and utilize the nutrients for growth and produce metabolite [1] . Fermentation is one the important processing techniques that are traditionally used to preserve and enhance the nutritional quality [2] . Two types of fermentation techniques viz solid state fermentation (SSF) and submerged fermentation (SmF) have been commonly used for improved production of novel as well as existing food products and ingredients [3] . In recent developments, the organisms are used in SSF to produce high yields of pure enzyme which are much more efficiently produced than in SmF [4] . Despite the advantages of SSF, availability of water and heat removal is one of the major problems in large-scale SSF [5] . To overcome this problem, SmF of fungi is an important option where water is abundantly present and gradients in temperature, oxygen concentration [5] .
Among several factors, substrate also plays an important role in the economical production of metabolites by microorganism via fermentation [6] . Macroalgae could be potential substrate for the fermentation as it is rich in carbohydrates such as alginate, fucoidan, laminarin, cellulose and mannitol [7] . Moreover, seaweeds can be an appropriate substrate for microbial conversion processes since they offers several advantages, such as being easy to grow, generating more dry biomass per square meter per year, as compared with fast growing terrestrial crops, and they contain 15-20% carbohydrates of the total wet weight [8] . In addition, seaweeds contain around 27% of minerals (sodium, potassium, calcium, magnesium, iron, zinc, copper, etc.), and amino acids (aspartate, glutamate, alanine, proline, etc.) [7] . Among the seaweeds, the Saccharina (Laminaria) spp. are reported as one the most important prospects in biotechnology industries [9] and are considered as one of the main potential feedstocks for production of methane and ethanol.
Fermented foods have been used by human since ancient times to preserve foods or improve their quality. It plays a vital role in human diets in most Asian countries, including China, Japan and Korea [10] . Recently, fungal fermentation of numerous food materials has been reported to improve their antioxidant benefits [11] [12] . Fungal-mediated secondary metabolite modification of soybean have been well reported, which have a high potential for antimicrobial and antioxidant activities [13] . Previously, several studies have been reported that new phytochemicals are synthesized during fungal fermentation of food materials, particularly soybeans [14] . Among fungal populations, Aspergillus oryzae is one of the major fungi that produce beneficiary compounds in food materials [15] [16] .
With respect to utilization of seaweeds, research is mainly focused on identifying the potential production of methane, methanol, butanol and ethanol [17] . Fermentation of Irish brown seaweeds with Lactobacillus plantarum has also been reported for a possibility to develop a range of functional foods [18] . Considering the advantages of fermentation, interest in fermentation of seaweed as a source of more functional food is increasing, particularly because of the advantages to the consumer beyond strictly nutritional benefits.
Thus, the present study was carried out to improve the antioxidant properties of fermented extract of Saccharina japonica by SmF. In this study, fungi-mediated fermentation of S. japonica was performed using A. oryzae, then the water soluble sugar, phenolics and flavonoid compounds were identified during the fermentation period, and the impact of fermentation on antioxidant potential was determined.
MATERIALS AND METHODS

Microorganism, maintainenace, and inoculum preparation
Aspergillus Oryzae (ATCC 14895) used for this study was collected from Korean Cell Cultures of Microorganism (KCCM) and stored at optimum conditions. In order to prepare inoculum for flask culture experiments, a loopful of A. oryzae was inoculated on Malt extract slants and incubated for 5 days at 25 o C. After incubation, 10 mL of sterilized distilled water containing tween 80 (0.2% v/v) was added to the agar slop cultures. The conidia were aseptically sampled by scrapping the top of the mycelium with an inoculating loop. The resulting suspension was used for this study
Fermentation conditions
Fermentation experiments were carried out in 100 mL conical flask containing 50 mL of fermentation medium. The fermentation medium was prepared by suspending of 2% S. japonica powder in distilled water and autoclave at 121 o C for 15 min. Then 1 mL of spore suspension was inoculated within fermentation medium and incubated at 25 o C for 7 days. During incubation, flask were withdrawn at each day interval and quantified the total water soluble sugar, phenolics, flavonoids using different analytical methods.
Total sugar
The total water soluble sugar of fermented water extract was estimated spectro-photometrically by phenol-sulfuric method [19] .
Total phenolic assay
The level of total phenols in the fermented extracts were determined by using Folin-Ciocalteu reagent and external calibration with gallic acid. Briefly, 0.5 mL of extract solution and 0.1 mL of Folin-Ciocalteu reagent were added and the contents mixed thoroughly [20] . After 15 min, 2.5 mL of saturated Na 2 CO 3 (75 g/L) was added, and then the mixture was allowed to stand for 30 min at room temperature (RT). The absorbance was measured at 760 nm using spectrophotometer. The concentration of the total phenolics was calculated as mg of gallic acid equivalent by using an equation obtained from gallic acid calibration curve.
Total flavonoid assay
Total flavonoid contents of fermented extracts were determined by using the aluminium chloride colorimetric method as described by Marinova et al., 2005 , with some modifications [21] . Different crude extracts (1.0 mL), methanol (1 mL), 10% aluminium chloride (0.5 mL), 1 M potassium acetate (0.5 mL) were mixed. After incubation at room temperature for 30 min, the absorbance was measured at 415 nm using spectrophotometer. The concentration of the total flavonoids was calculated as mg of quercetin equivalent by using an equation obtained from calibration curve.
Evaluation of antioxidant capacity by phosphomolybdenum method
The total antioxidant capacity of fermented extracts were evaluated by the method of Prieto et al. (1999) [22] . An aliquot mixture of 0.1 mL of extract at different concentrations was mixed with 900 µL of mixture reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The sample tubes were sealed and incubated in a boiling water bath for 90 min. After incubation the reactant samples had cooled to room temperature, the absorbance of each aqueous solution was measured at 695 nm against blank. A typical blank sample contained 1 mL of reagent solution and the appropriate volume of the same solvent used for the sample and it was incubated under same conditions as the rest of the samples. For samples of unknown composition, water soluble antioxidant activity was expressed as equivalents of ascorbic acid. where Abscontrol is the absorbance of DPPH radicals + methanol and Abssample is the absorbance of DPPH radicals + sample extract/standard.
2,2-Azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)(ABTS) radical scavenging assay
Antioxidant activities of different fermented extracts were analyzed by measuring the ability to scavenge the ABTS+. This assay is based on decolorization that occurs when the radical cation of ABTS (ABTS+) is reduced to ABTS [25] . The radical was generated by the reaction of a 7 mM solution of ABTS in water with 2.45 mM potassium persulfate (1:1). The mixture was held in darkness at RT for 16 h, as this is the time needed to obtain stable absorbance values at 734 nm. The assay was performed with 950 µL of ABTS and 50 µL of sample at various concentrations.
RESULTS
Extraction and total sugar determination
After incubation, sampling was done at each day interval and extraction was performed from the fermented broth sample. Initially fermented broth was filtered by using whatman filter paper and extract was freeze dried for further analysis. During the fermentation, total sugar content was increased and reached to its maximum at 3 days ( Fig. 1 ). There was slight variation in total sugar content between 3 and 5 days of fermentation. After 7 days of fermentation, total sugar content was decreased which was similar to the control.
Total phenolic and flavonoid content
TPC of fermented extract was assayed using folin ciocalteu's colorimetric method. Fig. 2 shows the total phenolic content of fermented extracts and the highest amount (18.84 mg of GA/g) of phenolic content was recorded after 5 days of fermentation. Whereas the flavonoid content of fermented extract was decreased ( Fig. 2) . Slight decrease in flavonoid content was observed after 3 days of fermentation. Thus, the study reveals that an incubation period of 5 days was optimum for fermentation of S. japonica by A. oryzae.
Antioxidant activity
Antioxidant activity as assayed by three different assays showed an enhanced activity on fermentation as compared with control. DPPH, ABTS and phosphomolybdenum assay was used to determine the antioxidant potential of fermented extracts. Based on the present investigation, DPPH scavenging activity of fermented and normal extract was 90.45% and 80%, respectively ( Fig. 3) . Maximum ABTS scavenging activity was observed after 5 days of incubation and the value was 95.52%. Whereas control sample before fermentation exhibited 70.15% ABTS scavenging activity (Fig. 3 ). Regarding the total antioxidant determination by using phopsphomolybdenum assay, it has been found that highest antioxidant activity was accorded for the fermented extract compared with non-fermented sample. Higher optical density indicated the higher antioxidant activity. In the present study, 5 days fermented extract showed 2.2 OD at 695nm whereas non-fermented extract showed 1.154 (Fig. 4) . Thus, this study reveals that all the antioxidant assays was correlated with increase in polyphenolic content.
DISCUSSION
Fermentation is a process of where complex macromolecules are broken down to simpler compounds by the action of microorganisms. This process has been used since ancient time to preserve food and improve the biofunctional activities. Recently, fermentation of seaweed has been attracting much more inte-rest as seaweed contains lots of polysaccharides. Previously, it has been reported that fermentation of seaweed by different lactic acid bacteria enhances the bioactive compound as well as biofunctional activity [27] [28] [29] [30] . However, submerged fermentation of S. japonica by A. oryzae has been merely reported. Owing to this, this present study was accomplished to enhance the antioxidant activity, total phenolic and flavonoid content of S. japonica by fermentation with A. oryzae.
Fermentation consists of modifying food by microorganism that grow, reproduce and consume part of the substrate while enriching it with the products of their metabolism. The fermentation of S. japonica was suspected to result in various compositional and functional changes by different kind of microorganisms. In this study, we observed the compositional changes (total sugar, phenolics and falvonoids) and functional changes (antioxidant acitivity) at each day interval of fermentation. Result found that with the start of the fermentation, an increase in the content of total sugar was observed, reaching to its maximum at 3 days and then showed decreasing pattern (Fig.  1) . The decreasing pattern of total sugar indicated that leached out sugar in seaweed broth was utilized by A. oryzae. Similar observation was made by General et al. (2014) [31] who found that total sugar content was increased and reached to its maximum after 9 days of fermentation. The total phenolic content of fermented extract was enhanced compared to the control (Fig. 2 ) and the highest phenolic content was found after 5 days of fermentation. These results are consistent with the previous data showing that Lactobacillus fermentation of a Hizikia fusiforme [32] and yeast fermentation of Eisenia bicycilis [30] enhanced the phenolic content. The enhancement of phenolic content might be due to the fact that enzymes released from A. oryzae breakdown the cell wall of seaweed which helps to release out more phenolic compounds in the water. It has been well known that A. oryzae contains high amounts of catalytic enzymes, including alpha-amylase (starch to simple sugar converter), proteolytic enzymes, including protease's. Oppositely, flavonoid compound was decreased following fermentation (Fig.  2) . Similar observation was reported by Kim et al. (2013) [33] .
Further antioxidant potential of fermented S. japonica was evaluated by different assay systems including DPPH, ABTS, and phosphomolybdenum assay. Antioxidant activity of different extract of S. japonica has extensively studied and showed potent antioxidant activity ( Figs. 3 & 4) . Previous studies have also demonstrated that fermentation process enhances the antioxidant activity [29] [30] . Considering this, fermentation technique was applied to improve the antioxidant activity. According to the results obtained, fermented extracts showed higher antioxidant activity compared to the control. The elevated level of activity correlated with the increased phenol content indicating the role of polyphenols in scavenging free radicals. Fermentation may cause disruption of seaweed cell wall resulting in increased polyphenol content in the fermented sample [27] . Polyphenols are known to be effective antioxidant compounds because of their hydroxyl group that aid in scavenging free radicals [34] . Increase in total phenolic content can be used to judge the antioxidant property of the sample, and these phenolic compounds are found to be more effective as compared with atocopherol and synthetic antioxidants [34] . Similar to the present observation, Eom et al. (2011) also reported the enhancement of polyphenol content and antioxidant activity of brown algae by fermentation [30] .
In conclusion, considering the results obtained from this study, it has been found that A. oryzae (ATCC 14895) is a good candidate for the fermentation of S. japonica. Based on the present investigation, total phenolic content, DPPH radical scavenging, ABTS scavenging and phosphomolybdenum assay indicate that optimum level of fermentation by A. oryzae was obtained after 5 days of fermentation. The increased activity of fermented extract was associated with many factors such as the metabolic changes due to fungal degradation of S. japonica. This result suggested that fungal fermentation is an attractive strategy for developing value-added food ingredients.
